SUBJECTS AND METHODS
Seven symptom-free patients with moderately loud ejection systolic murmurs in the absence of depressed sternum were investigated (Table I) ; two of these patients (Nos. 6 and 7) were known to have mild pulmonary stenosis and were having routine follow-up investigations. The eventual diagnosis in the other five patients was of a normal heart. Since all subjects, including those with pulmonary valve gradients, behaved in an identical fashion, the results have been considered together.
The Oxygen uptake and carbon dioxide production was recorded every eight seconds at rest and during exercise by means of a Junkalor " Spirolyt" paramagnetic oxygen analyser which has been fully described previously (Barold, Burkart, and Sowton, 1966) , and cardiac output was calculated by the Fick principle. Left ventricular work was calculated as the product of cardiac output and mean aortic ejection pressure. Tension time index (Sarnoff et al., 1958) was calculated as the product of the mean aortic ejection pressure, the heart rate, and the ejection time measured from the aortic pressure trace. Total peripheral vascular resistance and total pulmonary vascular resistance were calculated from the cardiac output and the mean aortic and pulmonary artery pressures respectively. The zero level for pressure recordings in the supine position was the mid-chest, and the zero level in the upright position was the point of insertion of the fourth rib into the sternum.
RESULTS
The detailed results are given in Table II which presents the mean figures for the whole group. Aortic Pressure. When the patients adopted the erect position the mean pressure increased by 10 mm. Hg; during exercise it rose abruptly to reach a peak level two minutes after the onset of exercise and then fell slowly to reach the pre-exercise level after 30 minutes (Fig.) .
Pulmonary Artery Pressure. The pressure fell by 3 mm. Hg when the patients adopted the erect position. During exercise the peak level was reached within two minutes but the pressure then slowly fell to approach its original value after 30 minutes, though by this time it was still slightly raised above the pre-exercise level.
Heart Rate. The mean resting level was 89 beats a minute in the supine position and this high figure presumably reflects some apprehension on the part of the subjects. The mean level increased to 100 beats a minute when the patients were sitting at rest on the ergometer; during exercise the heart rate increased fairly rapidly to 137 beats a minute after 8 minutes but then continued to rise very slowly to a final level of 146 beats a minute at the end of the exercise period (Fig.) .
Cardiac Output. The mean resting cardiac output in the supine position was 6-9 litres a minute and this fell to 5.2 litres a minute in the erect position. During exercise, the peak value of 10 9 litres a minute was reached within two minutes and the cardiac output stayed nearly constant with a slight tendency to fall towards the end of the exercise test.
Stroke Volume. The mean stroke volume in the supine position was 78 ml. and this fell to 52 ml. in the erect position. After two minutes of exercise a peak value of 89 ml. was reached, but after eight minutes the stroke volume had fallen to the same value as in the supine resting position; a further decrease continued during the next 25 minutes to a final level of 73 ml. (Fig.) . (Bevegard, Holmgren, and Jonsson, 1960) and emphasize the necessity for the body position during the control measurements to be accurately stated. In this study all percentage changes are referred to the resting supine control level unless stated otherwise.
The alterations in blood pressure with the change in posture are difficult to interpret because of uncertainty over the zero level. The aortic pressure apparently increased by 11 per cent and the pulmonary artery pressure fell by 18 per cent with the assumption of the upright position, so that errors in the zero level cannot entirely account for the postural changes in pressure. The alterations in cardiac output and stroke volume were relatively considerably greater than the changes in pressure so that it may be tentatively concluded that the left ventricular external work is reduced in the erect compared with the supine position; our figures suggest that the fall is approximately one-seventh of the supine resting value, and a similar fall occurred in the tension time index. It is unlikely that the tension time index bears the same relation to myocardial oxygen consumption when the subject is in the erect position as when in the supine, and so it does not necessarily follow that myocardial oxygen uptake is reduced in the erect posture though this seems likely.
The aortic pressure rose sharply with the onset of exercise to reach a maximum increase of 13 mm. Hg at about 2 minutes. After 8 minutes the increase was only 9 mm. Hg and after a further 4 minutes the increase was only 4 mm. Hg, showing that the timing of measurements from the onset of exercise may greatly influence the results and that the term "after having reached the steady rate" is insufficiently precise. Within 30 minutes of exercise the mean aortic pressures in our subjects had returned to the pre-exercise level despite the unchanged work load, a finding in keeping with the results reported by Holmgren (1956) . The reason for this progressive fall has not been fully explained but it is probably due to increasing peripheral vasodilatation. The pulmonary artery pressure behaved similarly to the aortic during prolonged exercise, though the changes were less pronounced. The mean results for our group show that the pulmonary artery pressure had not returned to the pre-exercise level (erect position) but in the two patients who were exercised for longer periods the pressure continued to fall to reach the pre-exercise level. Similar results have been reported by Ekelund and Holmgren (1964) .
The rapid increase of cardiac output to reach its peak after only two minutes can be related to the low exercise level and the comparative fitness of this group of young people. After this initial rise cardiac output remained fairly constant throughout the entire duration of exercise, and this result is similar to that reported by Cobb and Johnson (1963) who exercised their subjects on a treadmill. Levy, Tabakin, and Hanson (1961) found the cardiac output in normal men during exercise was steady only for short periods and reported considerable variations in several subjects when exercise was prolonged, but Grimby, Nilsson, and Sanne (1963) , using a dye-dilution technique with the subjects exercising on a bicycle ergometer, found a considerably smaller variation and obtained results similar to those of the present study. The heart rate was relatively steady after a few minutes but then continued to rise slowly throughout the entire period of the exercise both in this and other studies. The stroke volume therefore fell slowly but continuously throughout the entire period of exercise, and this has been a constant finding in investigations employing higher work load on a bicycle ergometer (Ekelund and Holmgren, 1964; Grimby et al., 1963) as well as treadmill exercise (Cobb and Johnson, 1963) . The continual fall in both aortic and pulmonary artery pressures despite the maintained cardiac output indicates a progressive fall in both systemic and pulmonary total vascular resistances during exercise, and this finding applies to subjects exercised either in the supine (Sancetta and Rakita, 1957) or in the erect position (Ekelund and Holmgren, 1964) .
The alterations during exercise in left ventricular external work per minute and in tension time index were not comparable. The relative increase in left ventricular work was considerably greater than that in tension time index (referred to erect resting value), though both indices were at their highest between two and five minutes of exercise. Despite the uncertainty concerning interpretation of changes in these indices between rest and exercise, it seems reasonable to conclude that both the work of the heart and the myocardial oxygen uptake decrease from this early peak when exercise at a constant work load is prolonged. These changes may account for the ability of some patients with ischemic heart disease to "walk through" an attack of angina.
SUMMARY
In six symptom-free young subjects an alteration in posture from supine to erect resulted in a 25 per cent fall of cardiac output and a 33 per cent fall in stroke volume.
On exercise at 300 kpm./minute there was an initial rise in aortic and pulmonary pressure, but these then fell progressively to approach the erect resting level after thirty minutes of continuous exercise. The heart rate increased slowly throughout the period of exercise, but the cardiac output and oxygen uptake remained almost unchanged once the steady state had been reached.
Cardiac work and tension time index decreased as exercise was prolonged.
